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My husband once told me that a
good monograph can kill research in a
field for a generation. At the time we
were talking about Remington
Kellogg’s1 impressive 1936 mono-
graph on the Archaeoceti (archaic Eo-
cene whales). We were puzzling over
hand bones from an Egyptian ar-
chaeocete that we had excavated and
that bore no resemblance to Kellogg’s
beautiful drawings. When we got
down to the fine print, however, we
found out that the hands in the draw-
ings were sea-lion hands; no one had
the correct hands. Indeed, much more
needed to be said about these whales,2
but a good monograph, Philip said,
gives researchers the idea that what
can be done has been done—for a long
time.
This pretty well sums up what hap-
pened in the paleontology of human
growth and development, a field that
started with Dart,3 and Zuckerman,4
and Le Gros Clark5 but, ironically,
sputtered out after the appearance
and publication of Alan Mann’s the-
sis,6,7 a comprehensive study of the
demography of the South African aus-
tralopithecine sites. Key to the enter-
prise was a basis for assigning age at
death. Mann used human maturation
schedules, arguing that the fossils
showed human-like patterns of dental
development. Australopithecines, he
concluded, matured slowly and were
fully deserving of the term “human.”
Mann’s7 monograph was welcomed
by a field that had little other evidence
bearing on the issue. I remember a
professor at the University of Texas
saying he couldn’t imagine how to
challenge it. At the University of Mich-
igan, my 1976 paleoanthropology
exam included true-or-false questions
about australopithecine life span and
birth spacing (attributes that would
take a field demographer ten years to
estimate). Mann’s particular conclu-
sion also headed off other research:
Whatever had spurred the evolution
of the human life cycle was already
over in the Pliocene, a point that be-
came a problem for Miocene paleon-
tology.8 Although Mann’s conclusions
prompted an outpouring of thought
pieces on human origins9–11 the pale-
ontology of human development
nearly died out as a field of empiric
inquiry, kept alive only by occasional
descriptive work.12,13
But, as with Kellogg’s archaeocete
hands, the story was not all told. The
fine print should have told us that the
comparative data in 1968 were way
too thin to decide the question of the
antiquity of the human life cycle. It
took until 1985 for a real question to
arise about Mann’s central conclu-
sion. That occurred when Tim Bro-
mage14 couldn’t make sense of the
growth of the face in Taung, the holo-
type of Australopithecus africanus, un-
less the child was three years old at
death rather than six years old, as tra-
ditionally claimed.
Once the question was reopened, re-
search into the antiquity of the human
life span and life cycle blossomed:
Bromage and Dean15 counted periky-
mata, growth increments visible on
tooth surfaces, to estimate the side-
real age at death of key juvenile fos-
sils; Dean16 and Smith17 reconsidered
patterns of dental development; Con-
roy and Vannier18 scanned Taung;
and others returned to primates for
comparative data on dental develop-
ment and life history.19,20 Taken
separately or together, all of these in-
vestigators found evidence that aus-
tralopithecines grew up roughly twice
as fast as do living humans, living out
their lives on the time scales of apes.
Some objected21,22 but, in any case,
the paleontology of human growth
and development had revived as an
empiric enterprise. New data and new
analyses appeared in a host of studies.
Now that nearly twenty years have
passed since Bromage prodded the
field back to life, a new book edited by
Thompson, Krovitz, and Nelson
brings together many recent contribu-
tions. This book shows that the pale-
ontology of human growth has re-
emerged as an empirical field
involving the use of large samples and
multiple approaches to data. It also
shows that the line of argument about
the origin of human life history has
moved into the genus Homo.
The book is organized into three
main sections: contemporary studies
on growth or development that bear
on paleontological questions; the
early record, from australopithecines
to Middle Pleistocene Homo; and Up-
per Pleistocene Homo, particularly
Neanderthals. The editors have col-
laborated in writing summary essays
at the end of each section (with rotat-
ing first authorship). Although these
occasionally are repetitive, some are
incisive; all have extensive and useful
bibliographies.
The book leads off with an evolu-
tionary perspective on human growth
and development by Bogin. He cites
the addition of childhood, an interval
of dependence beyond weaning, as a
key human adaptation. Bogin’s point
is well taken, but needs qualification:
Although humans have undoubtedly
elaborated and lengthened childhood
to an extreme,23 postweaning depen-
dence is not unique to humans. Good-
all24 describes the first two years after
weaning in chimpanzees as childhood
because of the close association of
weaned juveniles with their mothers.
Moreover, mammalian carnivores
typically bring down kills for weaned
offspring until they manage the skill
themselves.25 But in all, Bogin pro-
vides a useful review that smoothly
integrates sex differences in human
maturation into an adaptive frame-
work. Also in this section, Liversidge
reviews worldwide data on modern
human dental development, present-
ing a paper rich in data for many pur-
poses.
The arguments of the mid-1980s
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were primarily about development
and life history, for example, at what
age do human ancestors erupt first
molars, complete the dentition, or
mature. The few articles in the present
volume that take up these issues are
well worth the effort. Kuykendall pro-
vides a comprehensive review of aus-
tralopithecines, concluding flatly that
they achieved dental maturity at ten
to twelve years of age, as would a
great ape. The lack of objection to this
view throughout the book speaks vol-
umes: Clearly, investigators are look-
ing for the evolution of prolonged
maturation in the genus Homo.
As reviewed by both Kuykendall
and Krovitz, the little known about H.
habilis dental maturation allies this
species with australopithecines. Sev-
eral papers in this book touch on
growth of the almost complete early
H. erectus juvenile from Nariokotome.
The latest on his maturation timing,
found elsewhere,26 has ramifications
for nearly every article. By human
standards, the Nariokotome boy is
eleven years (tooth formation) or thir-
teen (bone maturation) years old, al-
though his stature suggests that he is
older; by chimpanzee standards, he is
seven to eight years old by all criteria
(tooth formation, bone maturation,
and percent of adult body length
achieved).27 The first attempt to define
his age from incremental lines on
tooth surfaces has produced an esti-
mate of a mere eight years at death.26
While this certainly is not the last
word on Nariokotome, it tentatively
places early H. erectus development at
a surprisingly primitive level.
A study of Atapuerca by Bermúdez
de Castro and colleagues stands out as
a new test case within a critical pe-
riod. The Lower Pleistocene site of
Gran Dolina contributes three juve-
niles (one the holotype of H. anteces-
sor) for analysis of the pattern of den-
tal development; the Middle
Pleistocene site of Sima de los Huesos
contributes one (called H. heidelber-
gensis). When tooth development
scores are grouped by a distance anal-
ysis, australopithecines and H. habilis
are allied with great apes, while the
Nariokotome boy is uniquely interme-
diate between great apes and humans.
On the other hand, fossils from both
Atapuerca sites show greater affinity
with H. sapiens. In addition, the au-
thors present initial work on periky-
mata packing on anterior teeth. Fos-
sils from both H. antecessor and H.
heidelbergensis show fewer incre-
ments than do H. sapiens, suggesting
shorter times for crown formation.
The results were considerably more
surprising, however, when Ramirez
Rozzi and Bermúdez de Castro re-
cently looked at Neanderthals.28 Ne-
anderthal anterior teeth show fewer
perikymata than do all other samples,
modern or archaic, only two-thirds of
the number typical of H. sapiens. Be-
cause previous studies note nothing
peculiar about the relative timing of
Neanderthal anterior teeth,17,29 it is
likely that this effect is global over the
dentition. The most straightforward
interpretation is that Neanderthals
grew up more quickly than did other
Middle and Upper Pleistocene homin-
ids. This, however, leaves Neander-
thals with a peculiar relationship be-
tween brain size and maturation, two
variables that rarely are so out of
step.19,30 This intriguing research
awaits confirmation by an exact count
of daily increments in sections from
the crown and root of a Neanderthal
tooth.
Several studies consider growth in
size, using substantial comparative
samples. Humphrey describes the at-
tainment of adult femur length from
birth to the age of twelve years, using
fossils from eleven historic and pre-
historic archeological sites. In sample
after sample, after the age of two years
the femurs of juveniles were smaller
than expected compared to those of
adults of their own population, judg-
ing on the basis of the rate at which
contemporary children attain adult
size. Humphrey’s study may have
many applications, from mortality se-
lection to early hominid growth.
Kondo and Ishida compare long-bone
length and the robusticity of the Ded-
eriyeh Neanderthal infants to more
than one hundred historic, prehis-
toric, and Upper Paleolithic infants.
Compared to infants with similar den-
tal maturation (at about two years of
age), one of the infants is surprisingly
large and robust. Fossils of children
large compared to dental age, like De-
deriyeh 1 and Nariokotome, become
especially distinctive, given Hum-
phrey’s findings.
Several studies, each with its own
multivariate technique, address on-
togeny of the face and skull base. Wil-
liams and coworkers consider the
classic issue of neotany, evolution of a
descendant to resemble the juvenile
phase of an antecedent. Neotany is
just one of the outcomes of “hetero-
chrony,” a series of hypothetical pro-
cesses that change size or shape.31
While Williams and co-authors ac-
knowledge instances of overuse of
heterochrony and incorrect use of its
arcane terminology, they themselves
investigate the subject with surprising
clarity, clearly laying out terminology
and taking a multivariate approach.
They find that neotany does not de-
scribe the skulls of modern humans
compared to those of Neanderthals or
those of the pygmy as compared to the
common chimpanzee. McBratney-
Owen and Lieberman add to this per-
spective, finding that human faces re-
tract uniquely during growth, unlike
those of chimpanzees.
Antón and Leigh, in a study of cra-
nial dimensions, reconsider the ques-
tion of an adolescent growth spurt in
the Nariokotome boy, noting the dif-
ficulty in demonstrating its presence
even in recent collections. Ultimately,
they conclude that it is safest to stick
with the null hypothesis that Narioko-
tome had an adolescent growth spurt.
There is, however, little safe ground
left if the boy died at the age of eight
years.26 If that is correct, Narioko-
tome simply does not belong on hu-
man growth standards.
Two studies consider population
variability: Strand ViRarsdóttir and
O’Higgens show that face shape is dis-
tinctive among human populations
from infancy; Krovitz, however, sees
an additional degree of difference be-
tween Neanderthals and modern hu-
mans. She finds that growth patterns
distinguish Neanderthals from hu-
man populations at the earliest repre-
sented ages. Joining a growing num-
ber of scientists who consider
developmental criteria for member-
ship in the genus Homo32 and the spe-
cies sapiens,28 she supports placing
Neanderthals into H. neanderthalen-
sis.
In sum, the terrain couldn’t be more
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different from that envisioned by my
1976 exam. New evidence suggests we
would be hard pressed to call the mat-
uration of Homo erectus modern,
much less that of Australopithecus. It
now seems likely that our distinctive
life history—our large and helpless in-
fants and difficult birth, early wean-
ing, extended childhood, slow growth,
sex differences in growth stages, and
long life span—evolved substantially
during the Pleistocene. Yet we have
only begun to document the evolution
of the life history of Homo: We are in
the midst of debates on the primitive-
ness of H. erectus and need to resolve
increasing contradictions in Neander-
thal life history. We await a brave cu-
rator somewhere who will allow a sin-
gle Neanderthal tooth to be sectioned;
much depends on it. As this volume
shows, there are many approaches to
the paleontology of growth and devel-
opment. Moreover, the time is past
when a monograph could sum up all
we know.
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